An extensive blood culture protocol, including prolonged incubation of cultures, for 215 patients believed to have had endocarditis yielded only 3 clinically relevant results. Twentyfour Haemophilus, Actinobacillus, Cardiobacterium, Eikenella, and Kingella (i.e., HACEK) organisms were recovered from standard 5-day blood cultures during the same time period. Specialized methods and not extended incubation times are recommended for recovery of fastidious agents of septicemia.
Infective endocarditis (IE), although relatively uncommon, has not decreased in prevalence over time. The incidence in the United States has increased from 3.9 cases per 100,000 patientyears in the 1970s to as many as 6 cases per 100,000 patientyears in the 1990s [1, 2] . If inadequately treated, serious sequelae may ensue [2, 3] . Diagnosis of IE requires obtaining at least 2 sets of blood samples for culture before antibiotic therapy is initiated [4] [5] [6] [7] . Despite advances in blood culture procedures and media, ∼5% (2.5%-31%) of IE cases are culture negative [8] . The so-called "HACEK" organisms (Haemophilus, Actinobacillus, Cardiobacterium, Eikenella, and Kingella species) were recognized traditionally as common etiologic agents for culture-negative endocarditis. However, other, more fastidious organisms can also cause culture-negative endocarditis, including cell-wall deficient bacteria (Coxiella burnetii, Mycoplasma species, and Chlamydia species), Brucella species, Legionella species, Bartonella species, Tropheryma whipplei, fungi, mycobacteria, and nutritionally variant streptococci (Abiotrophia and Granulicatella species) [8, 9] . Growth of some of these organisms requires specialized media or cell culture and may require up to 3 weeks. Most microbiology laboratories do not have effective culture protocols for detecting fastidious organisms [10] . Although a 1996 report showed that prolonged incubation time failed to increase the yield of fastidious bacteria, physicians continue to request that laboratories "hold" the blood cultures for a longer time when unusual agents are suspected [11] . One source recommended incubation of such blood cultures for 4 weeks [5] , although the updated edition has withdrawn that recommendation [12] .
After an outbreak of Legionella bacteremia and sternal wound infections occurred, the Stanford University Hospital and Clinics Clinical Microbiology Laboratory (Stanford, CA) established a comprehensive blood culture protocol to maximize isolation of fastidious organisms [13] . The protocol was ordered widely at the Stanford University Hospital and Clinics Clinical Microbiology Laboratory whenever a diagnosis of endocarditis or fever of unknown origin was considered; it was not a study protocol. We retrospectively evaluated the efficacy of this extensive protocol for recovery of fastidious microorganisms.
Materials and methods. For the special protocol (table 1) , phlebotomists obtained blood in a 20-mL syringe from 3 venipuncture sites (i.e., 3 different peripheral sites); samples were obtained within 2 h of each other. Ten mL of blood from each syringe was injected into an aerobic blood culture bottle (Bactec Plus 26 Aerobic; BD Microbiology Systems), and 10 mL was injected into an anaerobic bottle (Bactec Plus 27 Anaerobic; BD Microbiology Systems). In addition to being incubated for 21 days on the Bactec 9240 instrument (BD Microbiology Systems), after 3 and 10 days of incubation, aliquots from all aerobic and anaerobic bottles, respectively, were subcultured onto buffered charcoal yeast extract agar (BCYE; incubated aerobically for 14 days), 2 chocolate agar plates (incubated in 5%-7% CO 2 for 21 days), 1 rabbit blood agar plate (incubated in 5%-7% CO 2 for 21 days), 1 Sabouraud dextrose agar plate (incubated for 4 weeks), and 1 Lowenstein-Jensen agar slant (incubated in 5%-7% CO 2 for the first week and aerobically for 5 additional weeks). Media not made in house were purchased from BD Microbiology Systems. Media quality-control checks were performed, and there were no failures.
Aliquots from the anaerobic bottles were additionally subcultured onto Brucella blood agar supplemented with vitamin a Original media into which blood samples were inoculated, and media used for subcultures from each original bottle or tube on days 3 and 10.
K and hemin (Anaerobe Systems) and were incubated anaerobically (Bactron Anaerobic Chamber; Sheldon Manufacturing) for 6 days. An acridine orange-stained smear of the bloodbroth mixture from each bottle was examined after 3 days and 10 days. The endocarditis protocol also required 4 lysiscentrifugation tubes (volume, 7 mL; Isolator system [originally distributed by Dupont, and subsequently distributed by Wampole]); samples were usually obtained during 1 of the blood culture bottle venipunctures, but they were occasionally drawn in a fourth venipuncture. The tubes were centrifuged, supernatants were discarded, and sediments were inoculated to BCYE, rabbit blood, Sabouraud dextrose, chocolate, and supplemented Brucella blood agar plates, as well as a LowensteinJensen slant, with use of incubation periods described above. The total volume of blood obtained from each patient for this protocol was ∼88 mL. For all other patients, standard blood cultures included 2 separate venipunctures of 20 mL each. Ten mL of blood from the first venipuncture was injected into an aerobic Bactec bottle, and 10 mL was injected into an anaerobic Bactec bottle; both 10-mL aliquots from the second venipuncture were injected into aerobic bottles. Bottles were incubated on the Bactec 9240 instrument for 5 days.
Results. Fifteen isolates recovered from the 215 patients from the special endocarditis protocol would not have been detected by our standard blood culture methods; 8 coagulase-negative staphylococci, 2 coryneform gram-positive rods (diphtheroids), and 2 Bacillus species, which were recovered after 15 days of incubation, were all considered by the clinicians to represent procurement-associated skin organisms and not agents of bacteremia. In addition, 2 Mycobacterium avium complex isolates grew on the Lowenstein-Jensen slants inoculated from Isolator tubes obtained from a patient (who had AIDS); the cultures were obtained several months apart. A Legionella species was also recovered from 10 of 11 Isolator tubes and from 6 blood cultures (it grew on BCYE agar subcultures only).
Discussion. Our laboratory detected an ∼8.8% clinically significant positive blood culture results (as determined using laboratory parameters [e.g., number of positive bottle results, species isolated, and time to positivity]) from ∼14,000 such cultures received each year during the period of 1995-1997 [4, [14] [15] [16] [17] . These results cannot be compared directly with the results for the small number of specimens for which the extensive special protocol was used, but we believe that the fastidious organisms recovered reflect what would be expected for an academic institution of our size (600 adult beds). Each special endocarditis request cost ∼$86 for materials and ∼$70 in technologist time, and final routine bacterial culture results were not available until 31 days after samples were collected. Reports for mycobacterial and fungal culture results were issued 52 days after the specimen was first received. Only 3 clinically Table 2 .
Recommendations for detection of agents of septicemia or endocarditis not recovered by routine blood cultures

Suspected agent Recommended test(s)
Filamentous fungi Inoculation of Isolator tube sediments onto fungal media (brain heart infusion, potato flake, or Sabouraud dextrose) plates and incubation in air at 30؇C for 4 weeks
Malassezia furfur
Inoculation of Isolator tube sediment onto brain heart infusion, potato flake, or Sabouraud dextrose agar prepared before inoculation with a thin film of sterile extra-virgin olive oil
Cryptococcus neoformans
Cryptococcal antigen test and, if the results are positive, blind subculturing to routine and fungal media from blood culture broth bottles at days 2 and 5 Yeast in blood sample obtained from recipient of antifungal therapy Blind subculturing to routine and fungal media from blood culture broth bottles at days 2 and 5
Legionella species Inoculation of Isolator tube sediments onto nonselective buffered charcoal yeast extract agar and incubation at 35؇C in air in a moist atmosphere for 5 days Bartonella species Inoculation of Isolator tube sediments to fresh Columbia blood agar, fresh chocolate agar, and buffered charcoal yeast extract agar and incubation at 35؇C in a moist atmosphere at 5%-7% CO 2 for 3 weeks, or detection by molecular methods
Helicobacter and Campylobacter species Blind subculturing from standard blood culture media after 5-7 days to Columbia blood agar or nonselective Campy agar base and incubation in a microaerophilic atmosphere at 35؇C-37؇C for 3 days Mycoplasma species
If visualized by acridine orange stain, subculturing to Shephard's A-7 or SP4 biphasic medium and incubation for up to 7 days at 35؇C in 5% CO 2 or anaerobically (the latter is best)
Leptospira species Inoculation of 2 drops of blood directly into 10 mL of semisolid oleic acid albumin medium (such as EMJH broth or PLM-5 broth), incubation at 28؇C-30؇C for up to 13 weeks, and weekly examination by dark field microscopy Mycobacteria Plating of Isolator tube sediments onto Middlebrook 7H11 or 7H12 agar, inoculation of heparized blood into mycobacterial culture broths, or direct inoculation of whole-blood specimens into specialized mycobacterial blood culture broths Rickettsia, Coxiella, Bartonella, Chlamydia, Borrelia, Ehrlichia, and Anaplasma species
Collection of blood for molecular amplification methods (not universally available) into EDTA tubes, plasma preparation tubes, or acid-citrate tubes based on reference laboratory instructions and possible requirement that the sample be frozen at Ϫ70؇C; note that Coxiella is a select agent, and Sentinel Laboratory Response Network protocols should be followed significant isolates were recovered from the 215 endocarditis cultures (1.4%), at a cost of $33,550, although 24 fastidious agents (primarily from the HACEK group) were isolated from conventional blood cultures ordered for other patients during the study period. Special protocols are based on clinical suspicion (table 2) . New specimen-handling methods, such as culture of buffy coats from heparin tubes, use of specially formulated broth media for automated instruments, or use of the lysis-centrifugation method for quantitation of circulating colony-forming units of pathogens, are now used routinely in many laboratories [18] [19] [20] [21] [22] . Legionella fails to replicate in standard blood culture broth media [23] and is best recovered using an Isolator tube and inoculating the sediment onto BCYE agar plates. Filamentous fungi may survive and multiply in the automated blood culture system bottles, but the results are seldom flagged as positive with use of this instrument [22, 24] . Molds are best detected using either special mycological media developed for the automated blood culture instrument or the Isolator system [22, [24] [25] [26] [27] . Although no Brucella species were encountered during the evaluation period, we have since recovered 2 Brucella isolates from patients after р3 days of incubation [28] . Extensive discussions of processing Brucella species in blood cultures have been published and have concluded that standard inoculation times are sufficient [29] .
The clinical experiences of others also mirror our findings [30] . An informal survey of the blood culture practices used at 11 academic institutions for growing fastidious organisms revealed that 9 of the 11 institutions "hold" bottles for 21 days, and 6 of those 9 perform blind subculturing (J. M. Miller, personal communication from ClinMicroNet, 1999). With 180 years of cumulative experience reported by the respondents, representing hundreds of thousands of blood cultures, only 4 significant isolates were recovered after extended incubation: 1 isolate each of Histoplasma species, Propionibacterium acnes, viridans Streptococcus species, and Cardiobacterium hominis.
The Stanford University Hospital and Clinics Clinical Microbiology Laboratory discontinued the "endocarditis" protocol and now requires mandatory consultation with infectious diseases specialists when special assays are needed for detection of Legionella species, Bartonella species, Malassezia furfur, and other fastidious organisms that fail to grow in the broth that is routinely used (table 2). Blind subcultures may be helpful for patients with previous positive yeast culture results but who are currently receiving antifungals. Detection of additional organisms may require diagnostic tests that are not available in our laboratory (table 2), such as serologic studies, unique culture for Leptospira or Mycoplasma species, nucleic acid amplification, or histologic examination of specimens of removed valvular tissue [8, 10, 12, 31] .
The results of this study, which could not be repeated today, given the constraints of personnel and laboratory resources, support the premise that extended incubation of blood cultures beyond the standard 5-day protocol is rarely productive.
